Prediction of Outcome in Diabetic
/75 (17%) in diabetic and non-diabetic AIS patients. However, follow-up outcome at 12 and 18 months showed higher dependent/expired cases of 43 and 41% among diabetic AIS patients compared to 27 and 21% in non-diabetic patients. Multivariate analysis revealed that diabetes is an independent risk factor for dependent/expired outcome in AIS patients (OR 0.484 (at discharge); 1.307 (at 12 months) and 1.675 (at 18 months)). NSE, S100ββ, and ITIH4 showed a differential expression in both the outcome groups of AIS patients, irrespective of diabetes. Conclusion: Diabechances of unfavorable outcome in stroke patients [2] . Diabetes is one of the vital comorbidity risk factor reported to be associated with occurrence, poor outcome, and recurrence in stroke patients [3] [4] [5] . An increased incidence of stroke has been reported in advanced age among diabetic patients [6] . Recent report by the International Diabetes Federation suggested that diabetes is rapidly increasing worldwide, and it is estimated to reach a total of approximately 366 million by 2030 [7] . Moreover, Asian countries such as India and China were reported to contribute to approximately half of the world's diabetic population [8] . Despite being one of the high burden countries with a large number of diabetic patients, there is a paucity of Indian data regarding the association of diabetes and stroke in relation to stroke severity and outcome.
In the last two decades, numerous biomarkers of central nervous system (CNS) and non-CNS origins have been evaluated in the body fluids of acute ischemic stroke (AIS) patients for studying its diagnostic and prognostic efficacy [9] . Some of them such as neuron-specific enolase (NSE), S100ββ protein, glial fibrillary acidic protein, myelin basic protein, creatine kinase isoenzyme BB, tau protein, matrix metalloproteinase-9 were found to be very promising in predicting outcomes in AIS patients [10, 11] . In an earlier study, we reported that the serum level of Inter-alpha-trypsin inhibitor heavy chain 4 (ITIH4) protein (120-kDa) could be a useful biomarker for prognosis of AIS patients [12, 13] . Regardless of this, there are very limited studies for evaluating the impact of comorbidity risk factors of AIS on the diagnostic and prognostic potential of these biomarkers. Such information will increase the possibilities of using these biomarkers in clinical practice. Therefore, the current hospital-based study was conducted with two objectives. The first objective was to evaluate the impact of diabetes on short-and long-term outcomes of AIS. And the second objective was to evaluate the performance of known biomarkers NSE, S-100ββ, and our indigenously reported biomarker ITIH4 for the prognosis of outcome in diabetic and non-diabetic AIS patients.
Methods

Ethical Statement
The study was approved by the Institutional Ethics Committee of Central India Institute of Medical Sciences (CIIMS; No. CIIMS Res/Stroke study/2011; dated September 1, 2011), Nagpur. Informed consents were obtained from all the enrolled participants and their kin for the study.
Patients
This study was carried out in a total of 104 subjects. All the subjects were selected from the inpatient department wards and intensive care unit (ICU) of CIIMS, Nagpur, India.
Diagnostic Criterion
Diagnosis of AIS was based on the WHO definition of stroke, such as 'rapidly developing signs of focal (or global) disturbance of cerebral function lasting >24 h (unless interrupted by surgery or death), with no apparent non-vascular cause, history, neurological examination and CT [14] '. A patient was confirmed for diabetes if he or she had a known history of type 2 diabetes mellitus (DM), and glucose levels were >110 mg/dl. In case of those without known DM, the admission blood glucose was ≥ 150 mg/dl ( fig. 1 ).
Selected Patients Were Subjected to the Following Protocol
Detailed history; CT scan within 12 h of admission to exclude non-AIS patients; severity of stroke were evaluated using the National Institute of Health Stroke Scale (NIHSS) [15] . The NIHSS score consists of 15 items and a total score of 42 points. Score of 0 = no stroke, 1-6 = minor stroke, 7-18 = moderate stroke, 19-42 = severe stroke. The modified Rankin Scale (mRS) was used for presented with severe systemic disease, dementia, psychiatric disease, active infection, patients who refused to participate in the study and patients who took discharge against medical advice were excluded from the study.
evaluating outcome [15] . Based on mRS score, AIS patients were classified into 2 outcome groups -improved group (mRS scores 1-3) and dependent/expired group (mRS scores 4-6). All patients were admitted to the ICU and the ambient temperature was maintained between 20 to 25 ° C.
Exclusion Criteria
Patients who suffered hemorrhage stroke, brain malignancies, transient ischemic attacks, patients who underwent brain operations, patients who presented with severe systemic disease, dementia, psychiatric disease, active infection, patients who refused to participate in the study and patients who took discharge against medical advice were excluded from the study.
Follow-Up Study
At 12 and 18 months after stroke onset, respectively, the followup of patients in terms of outcomes were assessed through telephonic conversation. Out of 104 AIS patients, 12-month follow-up was obtained for 60 AIS patients and 18-month follow-up was obtained for 56 AIS patients ( fig. 2 ).
Blood Samples
Venous blood was collected from AIS patients at 0 h (i.e. at the time of admission), and at the time of discharge or death. Last blood sample drawn for routine investigation before the patient expired was considered as sample of expired time for the expired AIS patient. Blood was allowed to clot, and after centrifugation (100 g for 10 min), serum was separated and stored at -20 ° C until it was used.
ITIH4 Estimation Using Anti-ITIH4 Peptide Antibody
ITIH4 was estimated using an in-house developed indirect enzyme-linked immunosorbent assay (ELISA). In brief, microtiter ELISA wells were coated with 100 μl (1: 400) of serum samples taken from AIS patients and blocked with 200 μl of 2.5% BSA in phosphate buffer saline (PBS) for 2 h. After washing with PBS, the polyclonal antibody against ITIH4 peptides was added (GenicBio Lab, Shanghai, China), and plates were incubated at 37 ° C for 45 min. The wells were again washed, followed by addition of secondary antibody (goat anti-rabbit immunoglobulin horseradish peroxidase (HRP); Merck Millipore, India) and incubated for 45 min at 37 ° C. After another wash, antibody reactivity was detected via addition of 100 μl tetramethylbenzidine hydrogen peroxide (TMB/H 2 O 2 ) substrate solution to the wells, which were then incubated at room temperature for about 5 min. The reaction was stopped with 100 μl of 2.5 N H 2 SO 4 , and the absorbance of each well was read by Readwell Touch -Automatic Elisa Plate Reader (Robonik India Pvt. Ltd.) at 450 nm.
NSE Measurement
NSE serum levels were estimated using Can Ag NSE EIA (Fujirebio Diagnostics, Inc., USA) as per the instructions of the kit manufacturer. The test was based on solid phase, non-competi- 
S100ββ Measurement
In vitro assay for the quantitative determination of S100ββ in human serum was performed as per the instructions indicated in the manual Can Ag S100 EIA (Fujirebio Diagnostics, Inc., USA). This is a 2-step enzyme immunometric assay based on 2 MAbs derived from mouse specific for 2 different epitopes of S100ββ. Thus, the assay determines both S100αβ and S100ββ without cross reactivity with other forms of S100ββ. In summary, ELISA wells are washed once with wash solution. Fifty microliters of S100ββ calibrators and AIS patient's sample is pipetted into the strip wells. One hundred microliters of biotin anti-S100ββ is then added to each well and the frame containing the strips is incubated for 2 h (±10 min) at room temperature (20-25 ° C) with constant shaking of the plate using a microplate shaker. After incubation, solution is aspirated and each strip is washed thrice using the wash buffer. One hundred microliters of tracer working solution is added to each well. The frame is again incubated for 1 h (±5 min) at room temperature with constant shaking. After incubation, solution is aspirated and each strip is washed 6 times. One hundred microliters of TMB HRP substrate is added to each well and incubated for 30 min (±5 min) at room temperature with constant shaking. Finally, 100 μl of stop solution is added to each well and mixed, and absorbance is read at 405 nm in a Readwell Touch -Automatic Elisa Plate Reader (Robonik India Pvt. Ltd.) within 15 min after addition of stop solution. Levels of S-100 in the healthy control are 54-90 μg/l. 203
Statistical Analysis
The categorical data on different baseline variables was expressed in terms of number and percentage, and its association with study groups was determined using the chi-square test. The data on continuous variables was summarized in terms of mean and SD, and statistical significance of difference in the variable means between groups was determined using t test for independent samples. Significance of difference in the mean levels of peptides, anti-peptides, and selected proteins between study groups was also determined using t test for independent samples. Survival data on patients was used to study survival rates in study groups. Outcome was defined as either patient expired or dependent after discharge. Kaplan-Meier plots were constructed for each study group, and the statistical significance of difference between the plots was determined using log-rank test. Considering death or dependency as outcome, the association of diabetes with outcome was analyzed using multivariate logistic regression after adjusting for potential confounders such as age, sex, alcohol, thrombolysis, admission duration, and hypertension. Analysis was performed using R state package version 3.0.0 (R-programming language), and statistical significance was tested at 5% level.
Results
Out of 104 patients, 29 (28%) were diabetic and 75 (72%) were non-diabetic. Baseline characteristics associated with diabetic and non-diabetic AIS patients are given in table 1 . We found that 83% of diabetic AIS patients belonged to the old age group, that is, above 50 years with a higher proportion of males (72%; p = 0.0020). Similarly, hypertension was found to be significantly associated with 90% of diabetic AIS patients (p = 0.005). This was also very much observable in systolic blood pressure (BP; p = 0.003).
Results of assessment of short-term outcome during hospital stay and long-term outcome at 12 and 18 months after discharge in diabetic and non-diabetic AIS patients are given in table 2 . We found that the frequency of death or dependency in diabetic AIS patients was very much similar to that of non-diabetic AIS patients in hospital. However, in the follow-ups taken at 12 and 18 months, the frequency of death or dependency was found to be higher (p > 0.05) in diabetic AIS patients (i.e. 43 and 41%) than non-diabetic AIS patients (i.e. 27 and 21%).
When multivariate logistic-regression analysis was performed by adjusting for potential confounders such as age, sex, hypertension, smoking, alcohol, admission within 24 h, thrombolysis ( table 3 ), it was observed that diabetes was an independent risk factor for death or dependency at 12 months (OR 1.307; 95% CI 0.372-4.586), and at 18 months (OR 1.675; 95% CI 0.438-6.412) after hospital discharge. A survival curve (log-rank analyses) for mortality in the evaluated AIS patients was prepared to study the impact of diabetes on the survival of AIS patients. We found a higher survival in non-diabetic AIS patients compared to diabetic AIS patients, as shown in online supplementary figure 1 (see www.karger.com/ doi/10.1159/000449480). However, the difference was statistically non-significant. * Loss to follow-up (n = 6). ** Loss to follow-up (n = 34); expired at 12 months (n = 3); expired at discharge (n = 4). † Loss to follow-up (n = 34); expired at discharge (n = 4). ‡ Loss to follow-up (n = 6); expired at 12 months (n = 1).
Nayak et al. Results of the estimation of serum biomarker (i.e. ITIH4, NSE, and S100ββ) in diabetic and non-diabetic AIS patients with improved and dependent/expired outcomes are given in figures 3 and 4 , respectively. We found that ITIH4 levels detected by anti-peptides 2, 6, 7 increases significantly (p < 0.05) at discharge time (vs. Admission) among the AIS patients with an improved hospital outcome ( fig. 3 ) . But in AIS patients with dependent/expired outcome, the level of ITIH4 at the time of discharge either remains stable or decreases further compared to the level at admission. Other anti-peptides (i.e. 1, 3, 4, 5, 8 and 9) did not show any differential expression pattern in improved and dependent/expired AIS patients with and without diabetes, respectively (data not shown). Similarly, results of NSE and S100ββ ( fig. 4 ) show that their levels are upregulated at the time of discharge or expiry in diabetic AIS patients with dependent/expired outcome (p < 0.05 vs. admission value). Also, non-diabetic AIS patients showed a similar type of results, but were statistically non-significant.
Discussion
In this hospital-based pilot study, we evaluated the impact of diabetes on short-and long-term outcomes of AIS. We found that both diabetic and non-diabetic patients had a nearly similar hospital outcome; the results of 12 and 18 months outcome showed a higher number of dependent/expired cases in diabetic AIS patients.
Diabetes is known to increase the risk of stroke and worsen the clinical outcome in stroke patients. However, the exact mechanism by which diabetes induces stroke is unclear till date [16, 17] . Similarly, risk of diabetes and stroke were reported to increase with advancing age [6, 18] . We found that majority of diabetic AIS patients (83%) were of advanced age group (i.e. >50 years). Furthermore, we also found an estimated 28% diabetic AIS patients and 72% non-diabetic AIS patients in our study population. Kissela et al. [19] reported an estimated 37-42% stroke cases with diabetes in both African and Americans. Thus, incidences of stroke patients with diabetes are less in India as compared to Africans and Americans. However, India and China are reported to contribute to approximately half of the world's diabetic population [8] . This suggests that India is at risk of having higher number of diabetic stroke patients in the future.
Meta-analysis for studying the association of sex of stroke patients and diabetes suggested that the risk of stroke associated with diabetes is significantly more common in women than men [20] . Tuomilehto et al. [18] reported that female diabetic stroke patients have a higher risk of death than males , while a study conducted on Indian population suggests that there is no sex difference in the prevalence of diabetes in Indian population [21] . In contrast to earlier reports, we observed a higher ratio of male diabetic AIS patients in our study population. This suggests a regional difference in the prevalence of diabetic stroke patients and warrants further study to confirm findings and associated risk factors which are responsible for this differential observation.
Similarly, hypertension is reported to be more common among diabetic AIS patients compared to non-diabetic AIS patients [22] . Coexistence of diabetes and hypertension is also reported to be a major contributor for the poor health outcome [23] . Furthermore, systolic hypertension is known to be an important predictor of death in patients suffering from coronary heart disease, stroke, cardiovascular disease [24] Similarly, an increase in the systolic BP is also reported to increase the risk of compli- cations in diabetic patients [25] . Control of BP among diabetic patients is known to reduce the risk of diabetesrelated complications [26, 27] . We observed hypertension in most of the diabetic AIS patients (i.e. 90%) compared to non-diabetic AIS patients (i.e. 59%). Likewise, diabetic AIS patients had a higher systolic BP (BP >150 mm Hg) compared to non-diabetic AIS patients (i.e. BP 142 mm Hg). Furthermore, systolic hypertension is one of the major risk factor associated with diabetic AIS patients. Thus, poor outcome in diabetic AIS patients at 12
and 18 months after hospital discharge could possibly be due to a higher number of systolic hypertensive patients in this group. Therefore, management of diabetic and systolic BP is vital for the better outcome in diabetic AIS patients. In addition to the evaluation of impact of diabetes on the outcome of AIS patients, we also evaluated the performance of our indigenously reported biomarker ITIH4 in predicting the outcome in diabetic and non-diabetic AIS patients in comparison with standard biomarkers NSE, S-100ββ. ITIH4 is an inter-alpha trypsin heavy chain-related protein. It inhibits the phagocyte activities of polymorph nuclear cells and may act as an anti-inflammatory protein. In our earlier studies, we have reported that the expression of ITIH4 downregulates in AIS patients, and further it is normalized only in those patients whose health improved and not in those who either expired or their health deteriorated. Therefore, it could be a novel marker for prognosis of AIS [12] . Thus, an increase in ITIH4 level in the follow-up serum sample of AIS patients suggests sustained anti-inflammatory activity [28] . In this study, we found that ITIH4 level estimated using anti-ITIH4 peptides 2, 6 and 7 showed an increase in expression of ITIH4 in the follow-up serum samples of improved AIS patients collected at discharge but not in dependent or expired AIS patients irrespective of diabetes. This shows that peptides 2, 6, and 7 are the only immunodominant and specific peptide sequence of ITIH4. Therefore, estimation of serum ITIH4 peptides 2, 6, and 7 can be an important marker for the prognosis of AIS. Similarly, NSE is a soluble protein enolase enzyme found predominantly in neurons and neuroendocrine cells [29] . S100ββ proteins are a family of low-molecular-weight calcium-binding protein found in glial cells [30] . Normally, NSE is present only in negligible amounts in the peripheral blood. Elevated NSE levels were reported within 4 h of stroke onset [31] . It has been reported to be an indicator of infarction volume and worse neurological outcome after ischemic stroke [32] . Serum S100ββ protein level was known to increase after 8 h of onset of stroke and also correlate with severity and functional outcome in stroke patients [33, 34] . We also observed higher value of NSE and S100ββ both in diabetic and non-diabetic AIS patients, with a dependent or expiry outcome. This suggests that ITIH4, NSE, and S100ββ are independent biomarkers for the prognosis of AIS patients.
The major limitation of our study is less number of samples to represent the Indian population. Similarly, another limitation associated with the study is the low number of follow-up data on AIS patients' clinical status at 12 and 18 months after hospital discharge. However, the findings obtained were very encouraging to conduct a large-scale study.
Based on the observations, it can be concluded that diabetes increased the risk of dependent/expired outcome in AIS patients. Age and hypertension were found to be major risk factors for the dependent/expired outcome among diabetic AIS patients. Serum NSE, S100ββ, and ITIH4 levels could predict the outcome of AIS patients, irrespective of their diabetic and non-diabetic conditions.
